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(57) ABSTRACT 
In an ultrasonic imaging system echo signals representa 
tive of the amplitude of ultrasonic energy returning 
along a plurality of angularly spaced paths are sampled 
at a constant speed and stored into a buffer memory. At 
a speed inversely proportional to the cosine of the angle 
of said path with respect to a reference line the echo 
samples are read out of the buffer memory and written 
into a specified area of a graphic memory at a constant 
speed in the direction of the rows thereof and at a speed 
proportional to the tangent of the angle of the path with 
respect to the reference line in the direction of the col 
umns thereof. At a constant speed echo samples are read 
out of the graphic memory in the directions of the rows 
and columns and applied to a monitor to be displayed in 
a raster scan field. 

9 Claims, 22 Drawing Figures 
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1. 

ULTRASONIC DIAGNOSTIC MULTIPLE-SECTOR 
MAGE DISPLAY SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to an ultrasonic imaging 
system. The invention is particularly suitable for dental 
diagnostic applications, particularly for analyzing the 
surrounding structures of teeth for diagnosing perio 
dontitis. 
For dental diagnostic application, a toothbrush-like 

ultrasound probe is used. A piezoelectric transducer is 
swung in a pendulum motion to emit an acoustic beam 
in a sector field. The acoustic beam is transmitted in the 
form of a burst pulse to a tooth to be examined. The 
probe is connected to an ultrasonic imaging system for 
converting echoes returning along a plurality of angu 
larly spaced paths into electrical echo signals. For pro 
viding the echo signals on display, the sector scan for 
mat is converted to a conventional raster scan format. It 
is convenient for dentists to be able to display a number 
of dental tomographic images on separate areas of a 
monitor screen. However, the need to employ typical 
prior art scan conversion techniques would result in an 
ultrasonic multiple imaging system which is complex 
and costly. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a low-cost ultrasonic imaging system which 
allows display of sector-scanned multiple ultrasound 
images on a single monitor screen. 
According to a broader aspect, the ultrasonic imag 

ing system of the invention provides visual display of 
successively received echo signals representative of the 
amplitude of ultrasonic energy returning along a plural 
ity of angularly spaced paths in a sector scan field with 
a successive angular increment with respect to a refer 
ence line. The echo signals are sampled at constant time 
intervals and supplied to a buffer so that echo samples 
align ori concentric semicircles on a sector scan field. A 
main memory having cells arranged in a matrix of rows 
and columns is provided. An area defining circuit is 
provided to define a plurality of storage areas within the 
main memory. A write address circuit for the main 
memory is provided for addressing cells of one of the 
defined storage areas so that the successively addressed 
cells are spaced apart in the direction of columns by 
intervals variables as a function of the angle of deflec 
tion of each of the transmission paths with respect to a 
fixed reference line and spaced apart in the direction of 
the rows by constant intervals. The echo samples are 
rewritten from the buffer into the addressed cells. In 
this way, a plurality of sector scan images can be stored 
respectively in the defined areas of the main memory. 
The main memory is then addressed at constant rates in 
the column and row directions in a television scan for 
mat to read the stored data onto a raster scan field of a 
monitor screen. Preferably, a reconstructive interpola 
tor is provided between the buffer memory and the 
main memory for deriving reconstructive interpolated 
echo samples from successive ones of echo samples read 
out of the buffer memory and applying the derived echo 
samples to the main memory. The interpolating echo 
samples are representative of virtual echo samples on 
each of the transmission paths which are spaced apart 
by intervals inversely proportional to the cosine of the 
angle of deflection of each transmission path so that 
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2 
they would appear to align on lateral lines perpendicu 
lar to the reference line on the sector scan field. 

BRIEF DESCRIPTION OF THE ORAWINGS 

The present invention will be described in further 
detail with reference to the accompanying drawings, in 
which: 
FIG. 1 is an illustration of a typical example of an 

ultrasonic dental dignostic probe; 
FIG. 2 is a cross-sectional view taken along the lines 

2-2 of FIG. 1; 
FIG. 3 is a block diagram of an ultrasonic imaging 

apparatus according to a preferred embodiment of the 
invention; 

FIG. 4 is an illustration of echo signals sampled at 
points in a sector scan field; 
FIG. 5 is an illustration of the storage locations of 

echo samples in the graphic memory of FIG. 1; 
FIG. 6 is an illustration of details of the comparator 

logic of FIG. 3; 
FIGS. 7A and 7B are illustrations of sector-scan 

fields displayed on separate areas of a monitor screen; 
FIG. 8 is a block diagram illustrating details of the 

buffer memory and adder of FIG. 3; 
FIG. 9 is a timing diagram associated with the buffer 

memory of FIG. 8; 
FIG. 10 is an illustration of sampling and interpola 

tion address data useful for describing the operation of 
the circuit of FIG. 8; 

FIG. 11 is an illustration of a modified embodiment 
which permits visual identification symbols to be selec 
tively displayed on the monitor screen; 
FIGS. 12A to 12G are illustrations of various dental 

graphic symbols to be displayed on a monitor screen, 
and FIG. 13 illustrates a typical combination of dental 
symbols being displayed on the monitor screen; 

FIG. 14 is a block diagram of a circuit for correcting 
angular position signals; and 

FIG. 15 is a block diagram of a modified embodiment 
of the invention. 

DETALED DESCRIPTION 

Before going into the detail of the present invention, 
it is appropriate to describe the structure and operation 
of an ultrasonic dental diagnostic probe 1 with refer 
ence to FIGS. 1 and 2. Probe 1 is generally in the shape 
of a toothbrush and comprises a hand grip portion 2 
having a dual motion drive mechanism and an arm 
portion 3 having a downwardly flared, head portion 3a 
accommodating an ultrasonic single-element focusing 
transducer 4 and a hollow arm portion 3b connected 
between head portion 3a and hand grip portion 2. The 
arm portion 3b has a sufficient length to allow the head 
portion to reach the innermost part of the patient's 
teeth. Transducer 4 operates as a transmitter for emis 
sion of an acoustic beam of short-duration pulse burst 
during a transmit mode and operates as a sensor during 
a receive mode to convert returning echoes from into 
electrical echo signals. 
Transducer 4 is rotatably mounted by a pin 8 on the 

free end of a drive shaft 9. An arcuate guide arm 10 
extends from one inner side wall of the housing of head 
portion 3a through an opening 4a of transducer 4 to the 
other inner side wall so that transducer 4 is swingable 
about guide arm 10 in a first plane and is further swing 
able about the axis of drive shaft 9 in a second plane 
normal to the first plane. Head portion 3a has a lower 
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open end sealed fluid-tightly with a flexible diaphragm 
11 of a material which is transparent to acoustic energy. 
Head portion 3a is partially filled with liquid 12 in 

which the energy radiating face of transducer 4 is sub 
merged. Liquid 12 is of a material which allows acoustic 
energy to propagate with minimum loss and which 
provides an acoustic impedance match between the 
transducer and object. One suitable material for the 
liquid is water. Liquid 12 is contained by a sealing mem 
ber 13 which provides fluid-tight sealing between the 
housing's inner walls and the side walls of transducer 4. 
To permit transducer 4 to swing in the orthogonal di 
rections, sealing member 13 is flexible and preferably 
formed into a corrugated, bellows-like shape. 
The dual motion drive comprises a first micromotor 

14 with its rotor shaft firmly coupled to a swash-plate 
cam 15 having its can face in camming contact with a 
proximal end of drive shaft 9. A second micromoter 16 
drives an eccentric can 17 which translates the rotary 
notion to a swing motion, the latter being transmitted 
by a friction wheel 18 to a friction wheel 19 which is 
fixedly mounted on drive shaft 9. 

Drive shaft 9 therefore provides reciprocating mo 
tion and swing motion. Transducer 4 swings on a trans 
verse plane about shaft 9 to transmit an acoustic burst 
pulse in a sector scan field along each of a plurality of 
angularly spaced paths to allow a series of echo pulses 
to return to transducer 4 before the next pulse burst is 
emitted. Transducer 4 further swings about guide 10 as 
shaft 9 is reciprocated to shift the sector scan field to the 
next in succession to obtain three-dimensional tomo 
graphic information. 
An angular position sensor, or a potentiometer 20 is 

connected to the friction wheel 18 to generate a signal 
indicating the angular position of transducer 4 on the 
sector scan field and hence the angle of each echo re 
turning path. A second angular position sensor 21 is 
connected to the motor 14 to generate a signal indicat 
ing the angle of the deflection of sector scan field with 
respect to a plane perpendicular to the shaft 9. Motors 
14 and 16 are respectively controlled by a motor drive 
circuit 23 which is in turn controlled by a keyboard 51, 
FIG. 3. Motor 14 may be selectively driven by circuit 
23 to cause transducer 4 to be deflected about shaft 10 
on one side of a zero-angle position to a desired angle 
which angle may be successively changed to obtain a 
plurality of scans. 
With the transducer 4 so deflected about shaft 10 and 

held stationary on that desired plane, the switch 22 is 
operated to couple the output of sensor 20 to A/D 
converter 44 and motor 16 is controlled to cause the 
transducer 4 to oscillate about shaft 9 to perform a 
sector scan on that deflected plane. 
Apparatus for selection of a fixed scan angle and for 

scan servo control is perse well-known, see for example 
U.S. Pat. No. 4,151,834. Motor 14 is controlled to cause 
transducer 4 to oscillate about shaft 10 to perform a 
sector scan. Thus, a plurality of sector-scan images can 
be obtained in response to signals from keyboard 51 by 
successively changing the angle of deflection of the 
sector-scan plane with the aid of displayed angle data. 
In operation, the diaphragm 11 of the probe is held 
against the surrounding structure of a tooth, or gingiva. 

Referring now to FIG. 3, there is shown an ultrasonic 
dental diagnostic imaging system according to a pre 
ferred embodiment of the present invention. The system 
includes a transmit-receive unit 30 from which acoustic 
energy in the form of a pulse burst is supplied to the 
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4. 
probe 1 and by which returning echoes are detected. 
The detected echoes are sampled at constant time inter 
vals corresponding to AZ by an A/D converter 31 in 
response to clock pulses supplied from a timing circuit 
32 and converted to echo amplitude data. A write 
address counter 34 generates a writing addresss code by 
counting the clock pulse from timing circuit 32 to write 
the echo amplitude data at intervals AZ into a buffer 
memory 33, so that the sampled points on radial lines 
would appear as dots on concentric semicircles shown 
in FIG. 4. 
A graphic RAM 38, or main memory of a matrix 

array, is connected to the output of buffer memory 33 
and in turn supplies its output through a D/A converter 
39 to a video monitor 40. Graphic memory 38 is ad 
dressed in response to a Y-address code generated by a 
Y-adder 41 at constant time intervals in synchronism 
with the readout of echo samples from buffer memory 
33 and in response to an X-address code supplied from 
an X-address generator 42 simultaneously with the Y 
address code, so that all the buffered echo samples are 
written into the addressed cells of one of the specified 
storage areas of graphic memory 38. X-address genera 
tor 42 essentially comprises a presettable counter and a 
clock generator. The presettable counter is preset to an 
initial count value supplied from X-Y coordinate gener 
ator 50 each time the echo sample data are transferred 
from buffer memory 33 to graphic memory 38. The 
initial count value represents the starting column posi 
tion Xs of each sector-scanned image to be stored into 
the graphic memory. 
Graphic memory 38 is subsequently addressed by a 

raster-scan address generator 43 to read the stored data 
at constant time intervals in the directions of rows and 
columns to display the sector-field images in a raster 
scan format on the monitor 40. 
The angular position signal from the probe indicates 

the angle of each bean transmission path which in 
creases at substantially equal angular increments with 
respect to a reference line L, FIG. 4. The angular posi 
tion signal is digitized by an A/D converter 44 and fed 
to a read-address generator 45 which includes a read 
only memory 46 storing scan-conversion data which is 
read in response to the digitized angular position data 
out of the memory into an adder 47 which to generate 
an address code for reading echo data from the buffer 
memory 33. 
To transfer echo samples from buffer memory 33 to 

graphic memory 38, it is preferred to exclude insignifi 
cant echo samples which exist in the near-field of the 
sector scan. Echoes occurring in a period Zs, FIG. 4, 
along each angularly spaced path from a point source S 
to a point displaced a distance Zs from the source are 
considered to be insignificant and are therefore dis 
carded when read out of the buffer memory 33. 

Specifically, the scan conversion data in ROM 46 
comprise a plurality of data sets each corresponding to 
each of the beam transmission paths, each data set in 
cluding an initial value indicating the distance ZS and 
an incremental value indicating the interval AZ. Each 
of the scan conversion data sets is read out of ROM 46 
as the scanned beam is angulated with an equal angular 
increment and supplied to the adder 47. An incremental 
address code for reading buffer memory 33 is generated 
therefor by adder 47 by successively adding the incre 
mental value AZ to the initial value Zs. The buffer 
reading address code can be represented by Zs--i-AZs, 
where i is an integer ranging from zero to N, where N 
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is the maximum number of echo samples to be read out 
of buffer 33 for each radial transmission path. 
Scan conversion data similar to those in ROM 46 are 

stored in a ROM 48 which are read in response to the 
angular position data from A/D converter 44 and fed to 
the Y-adder 41 simultaneously with the reading of scan 
conversion data out of ROM 46. The data stored in 
ROM 48 comprises a plurality of data sets each com 
prising an initial Y-address code and an incremental 
Y-address code. As shown in FIG. 5, the initial Y 
address code is a variable Ys indicating the starting 
position of storage cells for a series of echo samples 
derived from each transmission path on the Y-axis of the 
X-Y coordinates of the main memory 38 and also indi 
cating a displacement from a reference point Yo. The 
incremental Y-address code is a variable AY indicating 
the interval between successive storage cells in the 
graphic memory 38 which are addressed during write 
modes in the direction of Y-coordinate, or columns. 
These variables are represented by: 
Ys=Yo--R-tan 8 (where R is a distance between a 

virtual point source S and the starting address 
point Xs) 

AYstan 8 
Y-adder 41 accumulatively adds the incremental 

value AY to the initial value Ys in a manner identical to 
that performed by adder 47 to derive an incremental 
Y-address variable represented by Ys--i-AY. X-address 
generator 42 produces X-address codes represented by 
Xs--i-AX (where AX corresponds to AZ) for writing 
echo samples read out of buffer memory 33 into graphic 
memory 38 in the direction of X-coordinates, or rows 
which are spaced apart by intervals AZ. With the scan 
conversion data stored in both read-only memories 46 
and 48, the echo samples stored in buffer memory 33 
which align on concentric semicircles are realigned on 
lateral lines, or columns perpendicular to the reference 
line L, or X-coordinates in the main memory 38. 
To store a plurality of sector-field images into the 

graphic memory 38, the outputs of Y-adder 41 and 
X-address generator 42 are connected to a comparator 
logic 49 which compares X- and Y-address data with X 
and Y-coordinate data supplied from an X-Y coordinate 
generator 50 which may be implemented by a micro 
processor. A keyboard 51 is connected to the X-Y coor 
dinate generator to generate a set of X-Y coordinates 
which divide the whole area of the graphic memory 38 
into separate display areas. 
As shown in FIG. 6, the comparator logic 49 includes 

digital comparators 52-55 and an OR gate 56. Compara 
tors 52 and 53 compare Y-address data from Y-adder 41 
with Y-coordinates indicating upper and lower limits of 
the subdivision specified by data entered to the key 
board 51. Each of the comparators 52, 53 supplies a 
logical 0 to OR gate 56 when the Y-address data is 
within the range between the upper and lower limits 
and supplies a logical 1 to OR gate 56 when it is outside 
the limits. Likewise, comparators 54 and 55 compare 
X-address data from X-address generator 42 with X 
coordinates indicating left- and right-side limits of the 
subdivision specified by the entered data. Each of the 
comparators 54, 55 supplies a logical 0 to OR gate 56 
when the X-address data is within the range between 
the left- and right-side limits and supplies a logical 1 
output when it is outside the left- and right-side limits. 
The output of OR gate 56 is applied to the graphic 
memory 38 to disable its read and write operations 
when the OR gate output is at logical 1. Thus, graphic 

O 

15 

20 

25 

30 

35 

45 

50 

55 

65 

6 
memory 38 is enabled as long as the location specified 
by the X- and Y-address codes is within the subdivided 
82, 

Keyboard 51 is manipulated in coaction with the 
probe so that when a sector-scan tomographic image is 
stored in the buffer memory 33, keyboard 51 specifies a 
particular area of the screen of monitor 40 as mentioned 
above to transfer the image from buffer memory 33 to 
the specified area of the graphic memory 38. With a 
given image being loaded into graphic memory 38, the 
probe 1 is moved to the next position to store the next 
image into buffer memory 33, followed by the operation 
of keyboard 51 to specify the next area on the monitor 
screen and transfer the image to graphic memory 38. 
FIG. 7A and 7B are typical examples of plural sector 
scan tomographic images on separate areas of the moni 
to screen. 

FIG. 8 is an illustration of a preferred embodiment of 
the invention in which details of buffer memory 33 and 
adder 47 are illustrated. Buffer memory 33 comprises a 
latch 61 which takes its input from the output of A/D 
converter 31. The output of latch 61 is applied to the 
data input of a latch 62 whose output is in turn applied 
to the data input of a latch 63. The clock inputs of 
latches 61-63 are connected to timing circuit 32 to sup 
ply their respective echo amplitude data at time inter 
vals corresponding to the spatial interval AZ. The out 
puts of latches 61-63 are applied to latches 64, 65 and 
66, respectively. Latches 64-66 are clocked at intervals 
corresponding to a spatial interval 2AZ in response to 
clock pulses supplied on line 36 from timing circuit 32. 
Successive digital echo samples in latches 61-63 are 
stored simultaneously into RAMs 67, 68 and 69, so that 
the most recent one of every three successive echo 
samples is stored in RAM 67 during a given interval and 
the same echo sample is stored in RAM 69 as the oldest 
one of the successive three samples during the next 
interval, as shown in FIG. 9. 
Write address generator 34 is responsive to the 2t 

interval clock to write a series of echo samples return 
ing along a given angularly spaced path into respective 
column locations of a given row of each of the RAMs 
67-69. As the transmitted acoustic beam is shifted to the 
next angular position on the same sector scan field, 
echoes returning along the next path are stored succes 
sively into the next rows of RAMs 67-69. 

Buffer memory 33 further includes a first pair of 
latches 71, 72 and a second pair of latches 73, 74. The 
output of RAM 67 is connected to the data input of 
latch 71 and the output of RAM 68 is connected to the 
data inputs of latches 72 and 73 and the output of RAM 
69 is connected to the data input of latch 74. The out 
puts of latches 71, 72 are respectively connected to 
gether with the outputs of latches 73,74 to input termi 
nals of a reconstructive interpolator 75. 
Adder 47 comprises latches 76 and 77 and an 8-bit 

adder 78. The initial data Zs and the succeeding incre 
mental data AZ are respectively represented by 8 bits 
for purposes of illustration. These scan conversion data 
bits are successively supplied on an 8-line bus 79 from 
ROM 46 to a timing control circuit 80 in response to 
each tangential increment of the beam transmission 
path. Timing circuit 80 includes a clock generator 
which supplies clock pulses at intervals AZ on line 81 to 
latches 71-74 and 77 and generates a first timing pulse 
which coexists with the initial data Zs and supplies it on 
line 82 to the clear terminal of latch 76. Timing circuit 
80 further generates a second timing pulse which coex 
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ists with the subsequent incremental data AZ. The sec 
ond timing pulse is supplied on line 83 to the input-disa 
bling terminals of latches 76 and 77 to prevent them 
from responding to the initial bits Zs and incremental 
bits AZ, respectively. 

In response to the first timing pulse, latch 76 is 
cleared and the initial address data Zs is passed through 
timing circuit 80 to a first input of adder 78 and thence 
to latch 77 and stored therein. At the end of the first 
timing pulse, latch 77 is enabled and the initial address 
data Zs, now stored in latch 77, is supplied to through 
adder 78 to buffer memory 33. 

In response to the second timing pulse, latch 76 is 
enabled and latch 77 is disabled. The incremental data 
AZ is stored into latch 76 and presented to adder 78. 
Thereafter, latch 77 is triggered by clock pulses sup 
plied on line 81 to present its contents to adder 78 and 
causes it to successively add the outputs of latches 76 
and 77, thus producing series of incremental address 
data (Zs--AZ), (Zs--2AZ), . . . (Zs--NAZ). 
The higher four bits of the 8-bit output of adder 78 

are applied as a read-address code to RAMs 67, 68, 69, 
the fifth bit of adder 78 output is applied as a switching 
signal to latches 71-74 for alternate application of their 
paired outputs to interpolator 75 and the lower three 
bits are applied as interpolation address data to the 
interpolator 75. The effect of interpolator 75 is to com 
pensate for the difference between the amplitude of 
echo samples derived by A/D converter 31 and the true 
amplitude of virtual echo samples which would align 
themselves on both radial and lateral lines in the imge 
scan field with the virtual echo samples on each radial 
line being spaced apart by intervals AZ/cos 6. 

If the initial data Zs is represented by 
"01000010"(decimal "8.250") and the incremental data 
AZ by "00001001” (decimal "1.125'), the address data 
generated by the adder 47 will be incremented as shown 
in FIG. 10. Assume that echo amplitude data at sample 
points '8' and "9" are stored in latches 71 and 72, re 
spectively, and echo amplitude data at sample points 
"9" and "10" are stored in latches 73 and 74, respec 
tively. The initial address data Zs (=8.250) is applied to 
buffer memory 33. 

Specifically, address bits "01000" (=8.000) of Zs are 
applied to RAMs 67-69 and latches 71-74 and interpo 
lation address bits "010" of Zs (=0.250) are applied to 
supply their contents to interpolator 75. The point of 
interpolation between sample points “8” and "9" is 
given by the interpolation address data "010" (=0.250). 
Interpolator 75 generates a true echo amplitude for the 
interpolation point 8.250 between sample points "8" and 
"9" in accordance with the interpolation address data 
"010" and the pair of echo amplitude data at sample 
points "8" and "9". 

Interpolator 75 is implemented by a microcomputer 
which operates on the input data in accordance with the 
following Equation to generate the true echo amplitude 
la: 

a=D(1-p)--D-1-p (1) 

where, Di and Di- are echo amplitudes at successive 
sample points, and Ip is interpolation address data. 
Lookup-table techniques can be advantageously used to 
process the data at high speeds. 
When the address data is incremented to Zs-- AZ, 

address bits "01001” (=9,000) are applied to RAMs 
67-69 and latches 71-74 and interpolation address bits 
"011" (=0.375) are applied to interpolator 75. Latches 
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73 and 74 are enabled to supply amplitude data at sam 
ple points "9" and "10" to interpolator 75. Interpolator 
75 performs Equation 1 to generate true echo amplitude 
data for interpolation point "9.375". 
A series of reconstructively interpolated echo ampli 

tude data is therefore generated by interpolator 75- in 
response to the series of incremental address data 
Zs--naZ and supplied at intervals corresponding to AZ 
to graphic memory 38 and stored in cells which are 
spaced apart at constant intervals AX in the row direc 
tion and at variable intervals AY in the column direc 
tion. 

In a practical aspect of the invention, it is preferred to 
provide visual information by graphic symbols and 
letters on the monitor 40 to indicate the position and 
orientation of the probe 1 with respect to the examined 
object for each of the sector-scanned images displayed 
on monitor 40. An embodiment shown in FIG. 11 al 
lows visual display of the positional information. Key 
board 51 includes keys 51a-51d which are respectively 
assigned to specific functions. Keys 51a are assigned to 
select dental graphic symbols. One of such symbols is 
shown in FIG. 12A. Keys 51b are used to select posi 
tion-indicating graphic symbols as shown in FIGS. 12B 
to 12E which indicate respectively the upper-left, up 
per-right, lower-left and lower-right portions of the 
teeth. Alphanumeric keys 51c are assigned to select 
alphanumeric symbols for display in a position adjacent 
a dental graphic symbol as shown at FIG. 12F. In com 
bination, the alaphanumeric symbols and position syn 
bols identify the tooth under examination. Keys 51d are 
used to select arrows indicating the direction in which 
the probe is oriented with respect to the tooth being 
examined for display in combination with a tooth sym 
bol as shown in FIG. 12G. 
The visual information is stored in a ROM 91 which 

is addressed in response to an address code derived by 
an address generator 91 from the operated keys. The 
output of ROM 91 is converted to analog form by a 
D/A converter 92 and applied to an adder 93 and com 
bined with the output of D/A converter 39 and applied 
to monitor 40. Desired graphic symbols and alphanu 
meric symbol are displayed within each of the sector 
scan images as shown in FIG. 13. 

FIG. 14 is an illustration of a compensation circuit for 
compensating for variations of maximum and minimum 
values of the angular position voltage generated by 
potentiometer 20 due to mechanical tolerances. The 
circuit includes a pair of differential amplifiers 101 and 
102 each having a first input terminal connected to the 
output of potentiometer 20. Comparator 100 detects a 
difference between the potentiometer output voltage 
and a reference voltage representing a predetermined 
minimum voltage applied to its second input and 
supplies its output to a sample-and-hold circuit 102. A 
minimum detector 104 is connected to potentiometer 20 
to detect when the potentiometer voltage drops to a 
minimum level and supplies a sampling pulse to sample 
and-hold circuit 102. This occurs when transducer 4 is 
angulated to one extreme of its oscillatory motion. The 
difference between the minimum potentiometer voltage 
and the predetermined minimum value is registered in 
the sample-and-hold circuit 102 as a minimum correc 
tion voltage and combined with the output of potenti 
ometer 20 in an adder 106 and applied to A/D con 
verter 31. 
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Likewise, comparator 101 detects a difference be 
tween the potentiometer output voltage and a second 
reference voltage representing a predetermined maxi 
mum voltage applied to its seciond input and supplies its 
output to a sample-and-hold circuit 103. A maximum 
detector 105 is connected to potentiometer 20 to detect 
when the potentiometer voltage rises to a maximum 
level and supplies a sampling pulse to sample-and-hold 
circuit 103 when the transducer is angulated to the 
other extreme of its oscillatory motion. The difference 
between the maximum potentiometer voltage and the 
predetermined maximum value is registered as a maxi 
mum correction voltage in the sample-and-hold circuit 
103 and combined with the output of potentiometer 20 
in adder 106. 
FIG. 15 is a partial depiction of a modified embodi 

ment of the invention. This embodiment includes a 
plurality of ROMs 46-1 to 46-n and a plurality of ROMs 
48-1 to 48-n corresponding to ROMs 46-1 to 46-n. These 
ROMs are addressed by the otuput of A/D converter 
31 and selectively enabled by an enabling signal issued 
from keyboard 51. Each of these ROMs stores scan 
conversion data which is specific to a particular type of 
probe employed in dental diagnosis. Scan conversion 
data can be changed when different types of probes are 
interchangeably used. 
What is claimed is: 
1. An ultrasonic multiple-sector imaging system, 

comprising: 
an ultrasonic probe having means for generating a 
beam of acoustic burst energy along each of a plu 
rality of angulated paths with respect to a reference 
line to provide a sector scan on each of a plurality 
of angulated planes and for receiving echo signals 
and a position sensing means for generating a posi 
tion signal representative of an angular position of 
each of said paths with respect to said reference 
line; 

means for sampling said received echo signals at con 
stant time intervals to generate echo samples; 

a buffer memory means for storing said echo samples; 
first read-out means responsive to said position signal 

for reading echo samples from said buffer memory 
means at constant time intervals; 

a main memory means having a matrix array of cells 
arranged in rows and columns; 

area defining means for defining in said main memory 
means a plurality of storage areas associated re 
spectively with said angulated planes; 

write-in means responsive to said position signal for 
successively addressing cells of one of said storage 
areas in synchronism with said first read-out means 
in directions of the rows and columns so that suc 
cessively addressed cells are spaced apart in the 
direction of rows by constant intervals and in the 
direction of columns by intervals variable as a func 
tion of an angle of deflection of each of said paths 
with respect to said reference line, 

said write-in means further operable for storing echo 
samples from said buffer memory means into said 
successively addressed cells so that the stored echo 
samples describe a sector in each of said defined 
areas; 

second read-out means for reading echo samples from 
said main memory means at constant time intervals 
in the directions of rows and columns; and 
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display means for providing display of said echo sam 

ples read out of said main memory means in a raster 
scan field. 

2. An ultrasonic multiple-sector imaging system as 
recited in claim 1, wherein said variable intervals are 
proportional to the tangent of said angle of deflection. 

3. An ultrasonic multiple-sector imaging system as 
recited in claim 2, wherein said write-in means includes 
means for generating an address signal representative of 
the location of each of said cells in said main memory 
means, and wherein said area defining means comprises: 
X-Y coordinate generating means for generating X 
and Y-coordinate signals indicative of X and Y 
coordinates; and 

comparator means for comparing said address signal 
with said X- and Y-coordinate signals and for dis 
abling a portion of said main memory means when 
said address signal exceeds said X- and Y-coordi 
nate signals, 

further comprising a reconstructive interpolator 
means connected between said buffer memory 
means and said main memory means for deriving 
reconstructive interpolated echo samples from 
successive ones of echo samples read out of said 
buffer memory means and for applying said de 
rived echo samples to said main memory means as 
said echo samples stored into said addressed cells, 
said interpolated echo samples being representative 
of virtual echo samples on each of said paths, said 
virtual echo samples being spaced apart in the di 
rection of each of said paths by intervals inversely 
proportional to the cosine of said angle of deflec 
tion, and 

wherein said address signal comprises an initial code 
representative of a start position of cells in each of 
said defined storage areas for a series of echo sam 
ples derived from each of said paths and a succes 
sively incremental code representative of a dis 
tance between said start position and each one of 
the last-mentioned echo samples, 

said interpolator means being responsive to lower 
significant bits of said incremental code for deriv 
ing said interpolated echo samples. 

4. An ultrasonic multiple-sector imaging system as 
recited in claim 2, further comprising a reconstructive 
interpolator means connected between said buffer mem 
ory means and said main memory means for deriving 
reconstructive interpolated echo samples from succes 
sive ones of echo samples read out of said buffer mem 
ory means and for applying said derived echo samples 
to said main memory means as said echo samples stored 
into said cells, said interpolated echo samples being 
representative of virtual echo samples on each of said 
paths, said virtual echo samples being spaced apart in 
the direction of each of said paths by intervals inversely 
proportional to the cosine of said angle of deflection. 

5. An ultrasonic multiple-sector imaging system as 
recited in claim 1, wherein said write-in means includes 
means for generating an address signal representative of 
the location of each of said cells in said main memory 
means, and wherein said area defining means comprises: 
X-Y coordinate generating means for generating X 
and Y-coordinate signals indicative of X and Y 
coordinates; and 

comparator means for comparing said address signal 
with said X- and Y-coordinate signals and for dis 
abling a portion of said main memory means when 
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said address signal exceeds said X- and Y-coordi- address code for addressing said main memory 
nate signals. 63S. 

6. An ultrasonic multiple-sector imaging system as 8. An ultrasonic multiple-sector imaging system as 
recited in claim 1, further comprising: 

recited in claim 5, wherein said address signal comprises 5 means for detecting a maximum value of said position 
an initial code representative of a start position of cells signal and a minimum value of said position signal; 

s 

in each of said defined storage areas for a series of echo means for generating a first difference signal repre 
samples derived from each of said paths and a succes- sentative of a difference between said detected 
sively incremental code representative of a distance maximum value and a reference maximum value; 
between said start position and each one of the last-men- 10 means for generating a second difference signal rep 
tioned echo samples. resentative of a difference between said detected 

7. An ultrasonic multiple-sector imaging system as minimum value and a reference minimum value; 
recited in claim 1, wherein said write-in means includes: and g means for correcting said position signal in response 

additional memory means for storing a plurality of 15 to said first and second difference signals. 
sets of an initial code representative of a start posi- 9. An ultrasonic multiple-sector imaging system as 
tion of cells in each of said defined storage areas for recited in claim 1, further comprising: 
storing echo samples returning along each of said further memory means for storing visual information 
paths and an interval code representative of an including shape representative data, position repre 
interval between successive ones of the last-men- 20 sentative data and plane representative data identi 

fying the angulated plane on which said sector scan tioned echo samples, each of said sets being stored is provided; 
respectively in locations successively readable out means for selectively reading the stored visual infor 
of said additional memory means in response to mation out of said further memory means and for 
said angular position signal; and 25 combining the read out visual information with 

adding means for accumulatively adding said interval information read out of said main memory means. 
code to said initial code to generate an incremental 
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